A soluble cell-free extract derived from stage 6 Xenopus laevis oocytes is described. From supercoiled simian virus 40 DNA the extract produces nicked circles (having a single-strand scission), linear molecules of full unit size, shorter length fragments, and various forms of complex DNA.
Several reports have described bacterial cell-free systems which are capable of mimicking the intact cell in replicating DNA (1, 2) and excising or integrating specific sequences (3, 4) . An important characteristic of such extracts is that they are soluble; it is therefore possible to fractionate them into various components and to attempt to finally identify the role of each component.
Although the basic rules of DNA replication (5) seem to apply both to prokaryotes and eukaryotes, a soluble cell-free system able to replicate eukaryotic DNA has not yet been described.
Systems consisting of nuclei from cells infected by polyoma virus and their respective cytoplasms have been shown to replicate in vitro the viral DNA (6, 7) . The particulate nature of these systems is such that it allows for the fractionating of only the cytoplasmic components; moreover, such systems function on an endogenous template.
We have been interested for several years in investigating various aspects of DNA metabolism in Xenopus laevis oocytes and eggs (8, 9) , and in this paper we describe a soluble extract derived from Xenopus laevis oocytes. The extract is challenged with supercoiled simian virus 40, (SV40) DNA. The reasons for choosing this DNA are 2-fold: (a) SV40 DNA is simple and sufficiently characterized (1) to allow us to infer what the extract action may be through an examination of the products; (b) SV40 DNA is very similar to polyoma DNA, which when injected into Xenoptis laevis eggs, is known to stimulate the incorporation of thymidine into trichloroacetic-acid-insoluble material (10) . Moreover, Lasky and Gurdon (11) (12) . Stage 6 oocytes were collected from the ovaries of adult frogs after defollicolation by collagenase treatment according to Schorderet-Slatkine (13) . Germinal vesicles were isolated from the oocytes with watchmaker's forceps under a dissecting microscope in Barth's solution (14) .
Each enucleated cytoplasm was immediately transferred into ice-cold TEMG buffer [50 mM Tris'HCl at pH 7.5; 1 mM ethylenediaminetetraacetate, 1.4 mM 2-mercaptoethanol, 20% (weight/volume) glycerol]. The germinal vesicles were directly transferred with a capillary pipette to a 0.6 ml nitrocellulose tube. All subsequent operations were carried out at 0-4°. About 100 nuclei were collected in 0.1 ml of Barth's solution; 0.5 ml of TEMG buffer was added and the nuclei were broken by pipetting a few times. The suspension was centrifuged in a Spinco SW 50.1 rotor with adaptors at 40,000 rpm for 60 min at 4°. The supernatant was collected and stored at -70°. The protein concentration of the nuclear extract, determined by the Lowry method, varied from 0.02 to 0.04 mg/ml in different preparations.
Cytoplasms from about 100 oocytes were collected in 1.5 ml of TEMG buffer and homogenized in a glass douncer. The homogenate was centrifuged at 8000 X g for 10 min and the supernatant, clean of the floating lipid layer, was brought to 1.2 ml of TEMG and centrifuged in two 0.6 ml nitrocellulose tubes as described above for the nuclear extract. The 
RESULTS
Action of the oocyte extract on SV40 DNA To produce the extract, stage 6 oocyte nuclei were manually isolated and separate extracts from nuclei and from enucleated cytoplasms were prepared as indicated under Materials and Methods. The nuclei-cytoplasms extract consists of equal volumes of nuclear and cytoplasmic extracts. In our experiments we used labeled supercoiled SV40 DNA. This well-characterized DNA allows for the detection of activities in the extract by studying the fate of the input supercoiled DNA using sedimentation in sucrose gradients and the electron microscope (E.M.). Fig. 1 shows that the input supercoiled SV40 DNA, sedimenting at 21 S, when incubated for 30 min at 30' with the nuclei-cytoplasms extract in the presence of the standard mixture (see Materials and Methods) is converted to: (a) Species sedimenting at the bottom of the gradient. The sample was deproteinized before being applied to sucrose gradient, and therefore the sedimentation properties of this material suggest that it contains oligomeric and/or catenated SV40 DNA (17, 18 30 gl aliquot from each 0.120 ml fraction was precipitated with trichloroacetic acid and its radioactivity was determined. The remaining DNA was pooled into fractions 1, 2, and 3 as shown, precipitated with ethanol, and examined with the E.M.
We found that the presence of Mg++ in the incubation mixture was required for the formation of all the species described above. The species sedimenting at the bottom of the gradient were not observed when either a nuclear or a cytoplasmic extract was used separately instead of the nucleicytoplasms extract. Analysis of the products To further investigate the nature of the various products the fractions of the gradient were combined in three different pools, marked pool 1, 2, and 3, respectively, as indicated in Fig. lB . Pool 1, when analyzed by E.M., showed an extraordinary repertoire of structures, such as: figure 8 dimers, catenated dimers, circular dimers, catenated trimers, Cairns' structures ( Fig. 2e) , complex multimers, and circular monomers with tails. The material contained in pool 1, treated with the restriction enzyme EcoRI, which is known to cut SV40 DNA at a unique site (12) , was converted to species sedimenting sharply at 14.5 S, like full-length linear SV40 DNA (data not shown). This finding indicates that the DNA contained in pool 1 consists of complex SV40 DNA and that there is no other kind of DNA associated with the viral molecules. Fig.  2 shows some typical examples of the complex forms of SV40 DNA present in pool 1. Fig. 2g shows a lariat in which the contour length of the tail is within the normal range of SV40 unit length monomer. This structure could arise by breakage of a Cairns' structure (19) . We have also found lariats with tails shorter than monomer unit length (Fig. 2f) and lariats with tails longer than monomer unit length. The latter type of structure is most easily explained by the occurrence of displacement synthesis. However, the exact mechanism by which these various forms of SV40 DNA are generated is not yet known.
As shown in Fig. 1A , the heavy sedimenting material constituting pool 1 is not present in the template DNA which has been incubated without the extract. The input DNA was also examined by E.M. after nicking by pancreatic DNase and only two out of 2000 molecules observed could possibly consist of complex DNA.
The Cairns' structures are the most interesting forms we have observed, since it is reasonably certain that they are intermediates in replication (19, 20) . However, in these experiments we have observed too few of them to conclude that they are formed de novo during incubation.
Pool 2 material when examined by E.M. was confirmed to consist of circular structures; their contour length measurements are reported in Fig. 3 . Pool 2 material was analyzed in an alkaline sucrose gradient and Fig. 4 shows that two peaks, sedimenting at 18 S and 16 S, were found in approximately equimolar amounts. The material sedimenting at 18 S and 16 S corresponds to single-strand circular and singlestrand linear SV40 DNA, respectively; therefore, we can conclude that the material sedimenting at 16 S in a neutral sucrose gradient (Fig. 1B) consists mainly of open circular molecules derived by the action of a nicking enzyme.
E.M. of pool 3 material confirmed that 95% of the molecules consist of full-length linear SV40 DNA; 5% of the molecules consist of fragments shorter than unit length. To establish that the linear molecules contained in pool 3 are really full length we have examined a mixture of pool 2 and pool 3 in the E.M. Comparative length measurements of the linear molecules with the circular ones on the same grid established that the linear products have the same contour length as the circular viral DNA (Fig. 3) . It has still to be determined which is the best template to feed the system.
We have performed a few experiments using chromatin (23) instead of supercoiled SV40 DNA. We have studied the incorporation of labeled deoxynucleoside triphosphates and our constant finding has been that labeled small pieces (4-5 S) of newly synthesized DNA are released from the template and subsequently degraded. It is possible that the proper template to use in an in vitro system consists of relaxed circles obtained by "untwistase" treatment (24) . We would like to stress again that our results do not exclude the possibility that complex DNA is formed by recombination. The fact that our system is soluble should permit the fractionation of the various components and the investigation of their relative roles.
When this manuscript was in preparation, Benbow and Laskey informed us that they succeeded in initiating polyoma DNA synthesis in vitro with a Xenopus laevis egg extract.
We wish to thank Drs. L. Fischer-Fantuzzi and C. Vesco for gifts of SV40 DNA.
